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© Use of 1,3-oxathiolane nucleoside analogues in the treatment of hepatitis B. 

@ Use of a compound of formula (I) 
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or a pharmaceutically acceptable derivative thereof in the manufacture of a medicament for the 
treatment of hepatitis B is disclosed. 
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The present invention relates to the use of nucleoside analogues in the treatment of viral infections. More 
specifically it is concerned with the use of 1 ,3-oxathiolane nucleoside analogues in the treatment of hepatitis, 
in particular hepatitis B. 

Hepatitis B is a viral disease transmitted orally or parenterally by contaminated material such as blood and 
5 blood products, contaminated needles, sexually and vertically from infected or carrier mothers to their off-spr- 
ing. In those areas of the world where the disease is common vertical transmission at an early age results in 
a high proportion of infected individuals becoming chronic carriers of hepatitis B. There are an estimated 
280,000,000 carriers of hepatitis B worldwide. At the present time there are no effective chemotherapeutic 
agents for the treatment of heparitis B infections. 
10 A number of nucleoside derivatives have been described as having activity against the hepatitis B virus. 

EPA 0206497 describes a number of 2\3'-dideoxy purine and pyrimidine nucleosides with antiviral activity 
including activity against the hepatitis B virus. 

EPA 0302760 describes the use of 2',3'-dideoxy purine nucleosides for the treatment of hepatitis B infec- 
tions. 

15 WO 90/14079 describes the treatment of hepatitis B by administration of 2',3'-dideoxycytidine. 

WO 90/14091 describes the treatment of hepatitis B by administration of 2\3'-dideoxyguanosine, 2\3'-di- 
deoxy adenosine or 2',3'-dideoxyinosine. 

European patent application publication number 0 382 526 describes a series of 1 ,3-oxathiolane nuc- 
leoside analogues having antiviral activity, in particular activity against HIV, the causative agent of AIDS. 

20 PCT patent application publication number WO 91/17159 describes the compound (2R,cis)-4-amino-1-(2- 
hydroxymethyl-1,3-oxathiolanes-yl)-(1H)-pyrimidin-2-one (also known as 3TC) and its use in the treatment of 
HIV infections. 3TC is the (-)-enantiomer of one of the compounds (BCH- 1 89) described in EPA 0382526. We 
have now found that BCH-1 89 and its individual enantiomers, including 3TC, are active both in vitro and in vivo 
against the hepatitis B virus. 

25 The invention accordingly provides, in a first aspect, a method for the treatment of an animal, including 
man, infected with or susceptible to infection with the hepatitis B virus comprising the administration of an effec- 
tive amount of a compound of formula (I) 
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or a pharmaceutical^ acceptable derivative thereof. 

In a further or alternative aspect there is provided a compound of formula (I) as defined hereinabove or a 
pharmaceutical^ acceptable derivative thereof for use in the manufacture of a medicament for the treatment 
of hepatitis B. 

As will be appreciated by those skilled in the art references herein to treatment extend to prophylaxis as 
well as to the treatment of established infections or symptoms. 

As will be appreciated by those skilled in the art the compound of formula (I) is a cis compound and contains 
two chiral centres (shown in formula (I) by *). Thus the compound exists as two enantiomers, compounds of 
formulae (la) and (lb) respectively. 
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The compound of formula (I) is preferably in the form of a racemic mixture or its (-)-enantiomer but a mixture 
of compounds of formulae (la) and (lb) in any ratio may be employed in the invention. 

The compound of formula (I) has the chemical name cis-4-amino-1-(2-hydroxymethyl-1 ,3-oxathiolan-5-yl)- 
(1H)-pyrimidin-2-one. It is also known as BCH-189. The (-)-enantiomer has the chemical name (-)-cis-4-ami- 
no-1-(2-hydroxymethyl-1 ,3-oxathiolan-5-yl)-(1 H)-pyrimidin-2-one and has the absolute stereochemistry of the 
compound of formula (lb) wich has the name (2R,cls)-4-amino-1-(2-hydroxymethyl-1,3-oxathiolan-5-yl)-(1H)- 
pyrimidin-2-one. It is also known as 3TC. 

Preferably when the (-)-enantiomer is employed it will be substantially free of the corresponding (+)-enan- 
tiomer, that is to say no more than about 5% w/w of the (+)-enantiomer, preferably no more than about 2%, in 
particular less than about 1 % w/w will be present. 

By the term "pharmaceutically acceptable derivative" is meant any pharmaceutically acceptable salt, ester, 
or salt of such ester, of a compound of formula (1) or any other compound which, upon administration to the 
recipient, is capable of providing (directly or indirectly) a compound of formula (1) or an antivi rally active metabo- 
lite or residue thereof. 

It will be appreciated by those skilled in the art that the compounds of formula (1) may be modified, to pro- 
vide pharmaceutically acceptable derivaties thereof, at functional groups in both the base moiety and at the 
hydroxymethyl group of theoxathiolane ring. Modification at all such functional groups are included within the 
scope of the invention. However, of particular interest are pharmaceutically acceptable derivatives (e.g. esters) 
obtained by modification of the 2-hydroxymethyl group of the oxathiolane ring. 

Preferred esters of the compounds of formula (1) include the compounds in which OH is replaced by a car- 
boxyl function 



in which the non-carbonyl moiety R of the ester grouping is selected from hydrogen, straight or branched chain 
alkyl (e.g. methyl, ethyl, n-propyl, t-butyl, n-butyl), alkoxyalkyl (e.g. methoxymethyl), aralkyl (e.g. benzyl), 
aryloxyalkyl (e.g. phenoxy methyl), aryl (e.g. phenyl optionally substituted by halogen, alkyl or C-j_4 alkoxy); 
substituted dihydro pyridinyl (e.g. N-methyldihydro pyridinyl); sulphon'ate esters such as alkyl-or aralkylsul- 
phonyl (e.g. methanesulphonyl); sulfate: esters, amino acid esters (e.g. L-valyl or L-isoleucyl) and mono-, di- 
or tri-phosphate esters. 

Also included within the scope of such esters are esters derived from polyfunctional acids such as car- 
boxylic acids containing more than one carboxyl group, for example, dicarboxylic acids H0 2 C(CH2)nC0 2 H 
where n is an integer of 1 to 10 (for example, succinic acid) or phosphoric acids. Methods for preparing such 
esters are well kown. See, for example, Hahn et at., "Nucleotide Dimers as Anti Human Immunodeficiency Virus 
Agents", Nucleotide Analogues, pp. 156-159 (1989) and Busso et al.,"Nucleotide Dimers Suppress HIV Exp- 
ression In Vitro", AIDS Research and Human Retroviruses . 4(6), pp. 449455 (1988). 

With regard to the above described esters, unless otherwise specified, any alkyl moiety present advan- 
tageously contains 1 to 16 carbon atoms, particularly 1 to 4 carbon atoms and coduld contain one or more dou- 
ble bonds. Any aryl moiety present in such esters advantageously comprises a phenyl group. 

In particular the esthers may be a Chalky! ester, an unsubstituted benzoyl ester or a benzoyl ester sub- 
stituted by at least one halogen (bromine, chlorine, fluorine or iodine), C^aikyl, saturated or unsaturated 
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C^alkoxy, nitro or trifluoromethyl groups. 

Pharmaceutical^ acceptable salts of the compounds of formula (I) include those derived from pharmaceutic 
cally acceptable inorganic and organic acids and bases. Examples of suitable acids include hydrochloric, hyd- 
robromic, sulphuric, nitric, perchloric, fumaric, maleic, phosphoric, glycollic, lactic, salicylic, succinic, 
5 toluene-p-sulphonic, tartaric, acetic, citric, methanesulphonic, formic, benzoic, malonic, nap h thai ene-2-sul- 
phonic and benzenesulphonic acids. Other acids such as oxalic, while not in themselves pharmaceutically 
acceptable, may be useful in the preparation of salts useful as intermediates in obtaining the compounds of 
the invention and their pharmaceutically acceptable acid addition salts. 

Salts derived from appropriate bases include alkali metal (e.g. sodium), alkaline earth metal (e.g. mag- 
10 nesium), ammonium and NR4+ (where R is C^alkyl) salts. 

References hereinafter to a compound according to the invention includes both the compound of formula 
(1) and its pharmaceutically acceptable derivatives. 

The compound of formula (I) and its individual enantiomers may be prepared by any method known in the 
art for the preparation of compounds of analogous structure for example by the methods described in EPA 0 
15 382 526 or WO 91/ 17159 both of which are incorporated herein by reference. 

The compound of formula (I) both as the racemic mixture and as the individual enantiomers has been found 
to inhibit the hepatitis B virus both in vitro and in vivo. 

It will be appreciated that the amount of a compound of the invention required for use in treatment will vary 
not only with the particular compound selected but also with the route of administration, the nature of the con- 
20 dition being treated and the age and condition of the patient and will be ultimately at the discretion of the atten- 
dant physician or veterinarian. In general however a suitable dose will be in the range of from about 0.1 to about 
750m/kg of bodyweight per day preferably in the range of 0.5 to 60 mg/kg/day, most preferably in the range of 
1 to 20mg/kg/day. 

The desired dose may conveniently be presented in a single dose or as divided doses administered at 
25 appropriate intervals, for example as two, three, four or more sub-doses per day. 

The compound is conveniently administered in unit dosage form; for example containing 10 to 1500mg, 
conveniently 20 to 1000mg, most conveniently 50 to 700mg of active ingredient per unit dosage form. 

Ideally the active ingredient should be administered to achieve peak plasma concentrations of the active 
compound of from about 1 to about 75 M, preferably about 2 to 50 most preferably about 3 to about 30u. 
30 M. This may be achieved, for example, by the intravenous Injection' of a 0.1 to 5% solution of the active ingre- 
dient, optionally in saline, or orally administered as a bolus containing about 1 to about 100mg of the active 
ingredient. Desirable blood levels may be maintained by a continuous infusion to provide about 0.01 to about 
5.0 mg/kg/hour or by intermittent infusions containing about 0.4 to about 15 mg/kg of the active ingredient. 
While it is possible that, for use in therapy, a compound of the invention may be administered as the raw 
35 chemical it is preferable to present the active ingredient as a pharmaceutical formulation. 

A pharmaceutical formulation will comprise a compound of formula (1) or a pharmaceutically acceptable 
derivative thereof together with one or more pharmaceutically acceptable carriers therefor and, optionally, other 
therapeutic and/or prophylactic ingredients. The carriers) must be 'acceptable' in the sense of being compat- 
ible with the other ingredients of the formulation and not deleterious to the recipient thereof. 
40 Pharmaceutical formulations include those suitable for oral, rectal, nasal, vaginal or parenteral (including 

intramuscular, sub-cutaneous and intravenous) administration or in a form suitable for administration by inha- 
lation or insuflation. The formulations may, where appropriate, be conveniently presented in discrete dosage 
units and may be prepared by any of the methods well known in the art of pharmacy. All methods include the 
step of bringing into association the active compound with liquid carriers or finely divided solid carriers or both 
45 and then, if necessary, shaping the product into the desired formulation. 

Pharmaceutical formulations suitable for oral administration may conveniently be presented as discrete 
units such as capsules, cachets or tablets each containing a predetermined amount of the active ingredient; 
as a powder or granules; as a solution, a suspension or as an emulsion. The active ingredient may also be 
presented as a bolus, electuary or paste. Tablets and capsules for oral administration may contain conventional 
50 excipients such as binding agents, fillers, lubricants, disintegrants, or wetting agents. The tablets may be coated 
according to methods well known in the art. Oral liquid preparations may be in theform of, forexample, aqueous 
or oily suspensions, solutions, emulsions, syrups or elixirs, or may be presented as a dry product for constitution 
with water or other suitable vehicle before use. Such liquid preparations may contain conventional additives 
such as suspending agents, emulsifying agents, non-aqueous vehicles* (which may include edible oils), or pre- 
55 servatives. * si' 

The compounds according to the invention may also be formulated for parenteral administration (e.g. by 
injection, for example bolus injection or continuous infusion) and may be presented in unit dose form in 
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ampoules, pre-filled syringes, small volume infusion or in multi-dose containers with an added preservative. 
The compositions may take such forms as suspensions, solutions, or emulsions in oily or aqueous vehicles, 
and may contain formulatory agents such as suspending, stabilising and/or dispersing agents. Alternatively, 
the active ingredient may be in powder form, obtained by aseptic isolation of sterile solid or by lyophilisation 

5 from solution, for constitution with a suitable vehicle, e.g. sterile, pyrog en-free water, before use. 

Pharmaceutical formulations suitable for rectal administration wherein the carrier is a sold are most pref- 
erably presented as unit dose suppositories. Suitable carriers include cocoa butter and other materials com- 
monly used in the art, and the suppositories may be conveniently formed by admixture of the active compound 
with the softened or melted carriers) followed by chilling and shaping in moulds. 

10 Formulations suitable for vaginal administration may be presented as pessaries, tampons, creams, gels, 
pastes, foams or sprays containing in addition to the active ingredient such carriers as are known in the art to 
be appropriate. 

For intra-nasal administration the compounds of the invention may be used as a liquid spray or dispersible 
powder or in the form of drops. 
15 Drops may be formulated with an aqueous or non-aqueous base also comprising one more more dispersing 
agents, solubilising agents or suspending agents. Liquid sprays are conveniently delivered from pressurised 
packs. 

For administration by inhalation the compounds according to the invention are conveniently delivered from 
an insufflator, nebuliser or a pressurised pack or other convenient means of delivering an aerosol spray. Press- 
20 urised packs may comprise a suitable propellant such as dichlorodifiuoromethane, trichlorof)uoromethane, 
dichlorotetrafluoro ethane, carbon dioxide or other suitable gas. In the case of a pressurised aerosol the dosage 
unit may be determined by providing a valve to deliver a metered amount 

Alternatively, for administration by inhalation or insufflation, the compounds according to the invention may 
take the form of a dry powder composition, for example a powder mix of the compound and a suitable powder 
25 base such as lactose or starch. The powder composition may be presented in unit dosage form in, for example, 
capsules or cartridges or e.g. gelatin or blister packs from which the powder may be administered with the aid 
of an inhalator or insufflator. 

When desired the above described formulations adapted to give sustained release of the active ingredient 
may be employed. 

30 The pharmaceutical compositions for use in the present invention may also contain other active ingredients 
such as antimicrobial agents, or preservatives. 

Suitable formulations for use in the invention are described for example in EPA 0382526 and WO 
91/17159. 

The compound of the invention may also be used in combination with other therapeutic agents for example 
35 other antiinfective agents. In particular the compound of the invention may be employed together with known 
antiviral agents. 

The combinations referred to above may conveniently be presented for use in the form of a pharmaceutical 
formulation and thus pharmaceutical formulations comprising a combination as defined above together with a 
pharmaceutically acceptable carrier therefor comprise a further aspect of the invention. 
40 The individual components of such combinations may be administered either sequentially or simul- 
taneously in separate or combined pharmaceutical formulations. < 

When the compound of formula (I) or a pharmaceutically acceptable derivative thereof is used in combi- 
nation with a second therapeutic agent active against the same virus the dose of each compound may be either 
the same as or differ from that when the compound is used alone. Appropriate doses will be readily appreciated 
45 by those skilled in the art. 

The invention is illustrated by the following examples which should not be interpreted as a limitation of the 
invention. 

Example 1 

50 

Biological Activity 

(A) Newborn ducklings were infected with DHBV. After 5 to 7 days post-infection, samples of blood were 
taken from the ducklings and examinated for DHBV DNA using dot hydridization with a specific DNA probe 
55 (Mason et al, ProcNati. Acad.Sci. USA 79, 3997-4001 (1 982)). The livers were removed from dot-blot positive 
ducklings and used to produce primary hepatocyte cultures infected with DHBV as previously described. (TuttJe- 
man et al. J. of Virology, 58, 17-25). After 2 days in culture, antiviral agents were added to the culture media. 
The media were changed every 2 days and at selected times, the cells are removed and the total DNA extracted. 
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The DNA spotted on nitrocellulose p£per and probed with the 32 P-labelled DHBV DNA probe in accordance 
with the following procedure. The DNA from DHBV-infected hepatocytes was extracted and spotted onto a nit- 
rocellular filter. The above described 32 P-nick translated -DHBV DNA (pDH-010 = DHBV) probe was used. The 
DNA was extracted from 6-cm cell culture dishes at various times post-plating. In the VC group, cells were har- 
5 vested at 2, 6, 8, 1 0, 14, 18 and 20 days. Duplicate samples were spotted for days 14, 18 and 20. In drug-treated 
groups, cells were harvested on days 8, 14 and 20. Drugs were added to the culture at 2 days post-plating and 
maintained throughout media changes every 2 days. The total intracellular DNA was extracted from cells using 
the standard phenol extraction method. The cells in a 6-cm diameter Petri dish (approximately 5 x 10 8 cells) 
were lysed in a lysis buffer containing 0.2% SDS, 150mM Tris-HCI pH8.0, 1QmM EDTA, 5 mM EGTA, and 
10 150mM NaCI. The cell lysate was digested with 0.5mg/ml of pronase E (available from Sigma) at 37°C for 2 
hours and proteinized by extraction with an equal volume of phenol saturated with 20mM Tris HCI, pH 7.5, 0.5 
mM EDTA and 0.1% 8-hydroxyquinoline. Concentrated ammonium acetate (pH 7.0 (2.5M)) was added to the 
aqueous phase to yield a 0.25M ammonium acetate solution and the nucleic acids were precipitated with 2 
volumes of 1 00% ethanol. The pellet of nucleic acid was washed with ethanol and dried. The DNA was dissolved 
15 in an solution containing 12.5mM Tris HCI, pH 7.5, 10 mM EDTA, 30% glycerol and 0.01% bromophenol blue. 
One twelfth of the DNA sample was spotted onto the nitrocellulose for dot-blot analysis. 

The drugs tested were scored on a scale of 0 (no activity) to ++++ (high activity). 

The compounds tested were cj&-2-amino-1-(-2-hydroxy-methyl-1,3-oxathiolan-5-yl)-(1H)-pyrimidin-2-one 
(Compound of formula (I) both as the racemate and the (-)-enantiomer) and two known Inhibitors of hepatitis 
20 B, 2',3'-dideoxy-guanosine (ddG) and 2,6-diaminopurine-9-p-D-2',3'-dideoxyribofuranoside (ddAPR)-(Euro- 
pean Patent Application Publication No. 0 302 760). 

The results are shown in Table 1 . 

(B) Human Hepatitis B results ! 

25 ~ ' : ; \ 

(i) Monolayers of Hep G2 cells transfected with human hepatitis B virus in 6-well plates in MEM supplemen- 
ted with 380ug/ml Geneticin (GIBCO no. 860-1 81 11 J, G418 Sulfate) and 10% fetal calf serum were prepared 
and the monolayers used when the cells were 75% confluent or greater. 

Stock solutions of drugs were prepared in PBS at 1mg/ml. For drugs not soluble to this extent, either the 
30 suspension was warmed to 42°C and ethanol added or the drug dissolved at a lower final concentration. 

Stock solutions of drugs were diluted to final concentrations of 10|ig/ml in MEM (supplemented as above). 

Medium was removed from cell monolayers and replaced with freshly prepared medium containing the 
drugs. 2ml/well and triplicate wells were used for each assay. 

The medium was removed and replaced with fresh medium containing drugs every second day for 14 days 
35 (ie, 7 changes of drugs solutions). 

Medium was removed from each well and cells washed with 1ml PBS. 2ml/well RIPA buffer* was added, 
and cells removed from the wells by scraping with a rubber policeman. The cells were then transferred to test 
tubes. 

1ml chloroform was added to each tube and mixed with a vortex mixer. Then 1ml phenol (saturated with 
40 20mM Tris, 1mM EDTA, and 0.1% hydroxyquinoline)was added to each tube, the tube centrifuged and 1ml of 
aqueous layer removed. 

Ammonium acetate to 0.2M was added and mixed followed by 2.5 volumes of ice cold ethanol. The mixture 
was left at -20°C overnight to precipitate the DNA. DNA was pelleted by centrifugation and washed once in 
cold ethanol and dried. 

45 The pellet was dissolved in 200 ^l of Tris (10mM) EDTA(1mM) buffer by leaving overnight at 4°C and soni- 
cating briefly (20 seconds). 20ul of each sample was dotted on to a nylon membrane and dot hybridized with 
an HBV DNA probe. 

* RIPA buffer0.15M NaCI, 1% sodium deoxycholate, 1% Triton x 100, 0.1% SDS, 0.01M Tris HCI, pH7.4. 
The results are shown in Table 2a. , 
so (ii) The method used for this test is described in detail in Korba et al., Antiviral Research 15, 217-228, 1992, 
and summarised below. 

Hep G2 cells transfected with human hepatitis B virus genomic DNA (2.2.15 cells) were grown and main- 
tained in RPMI1640 culture medium containing 5% foetal bovine serum, 2mM glutamine and 50^g/ml gentami- 
cin sulphate, and checked routinely for G418 resistance. Cultures of 2.2.15 cells were grown to confluence in 
55 24 well tissue culture plates and maintained for 2 to 3 days in that condition prior to drug treatment. 

Drugs were dissolved in sterile water or sterile 50% DMSO in water at concentrations 1 00-fold higher than 
the higher test concentration. These solutions were diluted as needed in culture medium. 

The culture medium on the confluent cells was changed 24 hours prior to exposure to test compounds. 
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During the 10 day treatment the culture medium was changed daily. After 10 days of treatment the culture 
medium was collected and frozen at -70° for HBV DNA analysis. 

To analyse extracellular HBV DNA, 0.2m! samples of culture medium were incubated for 20 minutes at 25° 
in 1 M NaOH/10X SSC (1X SSC is 0.15 M HaCI/0.015 M Sodium Citrate, pH 7.2) and then applied to nitrocel- 
5 lutose membranes presoaked in 20X SSC using a blotting apparatus. Samples were neutralised by washing 
twice with 0.5ml of 1 M Tris, pH 7.2/2 M NaCI and once with 0.5ml of 20X SSC. Filters were then rinsed in 2X 
SSC and baked at 80° for 1 how under vacuum. 

A purified 3.2 kb EcoR1 HBV DNA fragment was labelled with P 2 P]dCTP by nick translation and used as 
a probe to detect HBV DNA on the dot-blot by DNA hybridisation. After washing, the hybridised blot was dried 
10 and 32 P was quantified using an Ambis' beta scanner. 
The results are shown in Table 2b. 
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Table 1 

Activity of compounds against Duck hepatitis B virus in vitro 



Compound 



ICSO Mg/ml Activity 



Compound of formula (I) 
Racematc 



+ + + + 
at lO^g/ml 



(-) enantiomer 



ddG 



ddDAPR 



<lMg/ml 
0.07 jig/mi 
0.07Mg/ml 



Activity of compounds against human hepatitis B virus in vitro 
Table 2A 



HBV Activity at lO^g/ml 



Compound of formula (I) 
Racemate 



i I 



+ + + 



ddG 



+ + + 



ddDAPR 
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Table 2B 



IC50 M M 

3TC 5.6 
ddC 2.2 
araAMP 2,9 
cdG 0.034 



ddC = T ,3 '-dideoxycytidine 

cdG = carbocyclic deoxyguanosine 

araAMP = adenosylarabinosidc-S' -monophosphate 



Claims 

1. Use of a compound of formula (I) 




or a pharmaceutically acceptable derivative thereof in the manufacture of a medicament for the treatment 
of a hepatitis B infection. 

2. The use as claimed in Claim 1 wherein the hepatitis B infection is human hepatitis B. 

» 

3. The use as claimed in Claim 1 or Claim 2 wherein the compound of formula (1) comprises (±)-cis-4-ami- 
no-1-(2-hydroxymethyl-1 f 3-oxathiolan-5-yl)-{1H)-pyrimidin-2-one or a pharmaceutically acceptable deri- 
vative thereof. 



4. The use as claimed in Claim 1 or Claim 2 where in the compound of formula (1 ) comprises (-)-cis-4-ami- 
no-1-(2-hydroxymethyl-1,3-oxathiolan-5-ylH1H)-pyrimidin-2-one or a pharmaceutically acceptable deri- 
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vatlve thereof. 

The use as claimed in Claim 4 wherein the compound of formula (I) is substantially free of the correspond- 
ing (+)-enantiomer. 

The use as claimed in any one of Claims 1 to 5 wherein the medicament is adapted for oral administration. 

The use as claimed in any one of Claims 1 to 5 wherein the medicament is adapted for parenteral admini- 
stration. 

The use as claimed in any one of Claims 1 to 7 wherein the medicament is in unit dosage form. 
The use as claimed in Claim 8 wherein the compound is present in an amount of from 10 to 1500mg. 
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